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BACKGROUND OF THE INVENTION
The present invention concerns novel N-substituted (6-ha loalkylpyridin-3-yl)alkyl sulfoximines and their use in con trolling insects and certain other invertebrates, particularly aphids and other Sucking insects. This invention also includes new synthetic procedures for preparing the compounds, pes ticide compositions containing the compounds, and methods of controlling insects using the compounds.
There is an acute need for new insecticides. Insects are developing resistance to the insecticides in current use. At least 400 species of arthropods are resistant to one or more insecticides. The development of resistance to some of the older insecticides, such as DDT, the carbamates, and the organophosphates, is well known. But resistance has even developed to some of the newer pyrethroid insecticides. Therefore a need exists for new insecticides, and particularly for compounds that have new or atypical modes of action.
U.S. Patent Application Publication 2005/0228027 A1 describes certain sulfoximine compounds including some containing (6-alkylpyridin-3-yl)alkyl groups and their use in controlling insects. It has now been discovered that (6-ha loalkylpyridin-3-yl)alkyl sulfoximines have greatly improved activity.
SUMMARY OF THE INVENTION
This invention concerns compounds useful for the control of insects, especially useful for the control of aphids and other Sucking insects. More specifically, the invention concerns compounds of the formula (I) ( (1) Compounds of formula (I) wherein X is NO or CN. most preferably CN.
(2) Compounds of formula (I) wherein Y is CF. (3) Compounds of formula (I) wherein RandR indepen dently represent hydrogen, methyl or ethyl.
(4) Compounds of formula (I) wherein R', S and L taken together form a saturated 5-membered ring, and n is 0, i.e., having the structure O N-X. It will be appreciated by those skilled in the art that the most preferred compounds are generally those which are comprised of combinations of the above preferred classes.
The invention also provides new processes for preparing compounds of formula (I) as well as new compositions and methods of use, which will be described in detail hereinafter.
DETAILED DESCRIPTION OF THE INVENTION
Throughout this document, all temperatures are given in degrees Celsius, and all percentages are weight percentages unless otherwise stated.
Unless specifically limited otherwise, the term alkyl (in cluding derivative terms such as alkoxy), as used herein, include straight chain, branched chain, and cyclic groups. Thus, typical alkyl groups are methyl, ethyl, 1-methylethyl, propyl, 1,1-dimethylethyl, and cyclopropyl. The term haloalkyl includes alkyl groups substituted with from one to the maximum possible number of halogen atoms, all combi nations of halogens included. The term halogen includes fluo rine, chlorine, bromine and iodine, with fluorine being pre ferred.
The compounds of this invention can exist as one or more Stereoisomers. The various Stereoisomers include geometric isomers, diastereomers and enantiomers. Thus the com pounds of the present invention include racemic mixtures, individual stereoisomers and optically active mixtures. It will be appreciated by those skilled in the art that one stereoisomer may be more active than the others. Individual stereoisomers and optically active mixtures may be obtained by selective synthetic procedures, by conventional synthetic procedures using resolved starting materials or by conventional resolu tion procedures.
The compounds of formula (Ia), wherein R. R. R. R. X. and Y are as previously defined and L is a single bond, can be prepared by the methods illustrated in Scheme A: In step a of Scheme A, sulfide of formula (A) is oxidized with meta-chloroperoxybenzoic acid (mCPBA) in a polar solvent below 0°C. to provide sulfoxide of formula (B). In most cases, dichloromethane is the preferred solvent for oxi dation. In step b of Scheme A, sulfoxide (B) is iminated with Sodium azide in the presence of concentrated Sulfuric acid in an aprotic solvent under heating to provide Sulfoximine of formula (C). In most cases, chloroform is the preferred sol vent for this reaction.
In step c of Scheme A, the nitrogen of sulfoximine (C) can be either cyanated with cyanogen bromide in the presence of a base, or nitrated with nitric acid in the presence of acetic anhydride under mildly elevated temperature, or carboxy lated with alkyl (R) chloroformate in the presence of base such as 4-dimethylaminopyridine (DMAP) to provide N-sub stituted sulfoximine (Ia). Base is required for efficient cyana tion and carboxylation and the preferred base is DMAP. whereas sulfuric acid is used as catalyst for efficient nitration reaction.
The compounds of formula (Ia), wherein X represents. CN and R. R. R. R. and Y are as previously defined, can be prepared by the mild and efficient method illustrated in Scheme B. In step a of Scheme B, sulfide is oxidized with iodobenzene diacetate in the presence of cyanamide at 0°C. to give sulfil imine (D) . The reaction can be carried out in a polar aprotic solvent like CHC1.
In step b of Scheme B, the sulfillimine (D) is oxidized with mCPBA. A base such as potassium carbonate is employed to neutralize the acidity of mCPBA. Protic polar solvents such as ethanol and water are used to increase the solubility of the Sulfillimine starting material and the base employed. The Sul filimine (D) can also be oxidized with aqueous sodium or potassium periodinate solution in the presence of catalyst ruthenium trichloride hydrate or similar catalyst. The organic Solvent for this catalysis can be polar aprotic solvent Such as CHCl, chloroform, or acetonitrile. 
In step b of Scheme D, similar to step c of Scheme A, the nitrogen of sulfoximine can be either cyanated with cyanogen : Il 2 bromide, or nitrated with nitric acid followed by treatment In Scheme F, the sulfide of formula (A), wherein R", R with acetic anhydride under refluxing conditions, or carboxy-and Y are as previously defined, n=3, and R =H, can be lated with methyl chloroformate in the presence of base such 35 prepared from the chloride of formula (F) by reacting with a as DMAP to provide N-substituted cyclic sulfoximine Base is required for efficient cyanation and carboxylation and the preferred base is DMAP, whereas sulfuric acid is used as catalyst for efficient nitration reaction.
In step c of Scheme D, the C-carbon of N-substituted sulfoximine can be alkylated with a heteroaromatic methyl halide in the presence of a base such as KHMDS or butyl lithium (Bulli) to give the desired N-substituted sulfox imines. The preferred halide can be bromide, chloride or iodide.
Alternatively, the compounds of formula (Ic) can be pre pared by a first C.-alkylation of sulfoxides to give C-substi tuted sulfoxides and then an imination of the sulfoxide fol lowed by N-substitution of the resulting sulfoximine by using the steps c, a and b respectively as described above for Scheme D. The starting sulfides (A) in Scheme A can be prepared in different ways as illustrated in Schemes E, FG, H, I and J. In Scheme E, the sulfide of formula (A), wherein R', R and Y are as previously defined, n=1, and R=H, can be prepared from the chloride of formula (E) by nucleophilic substitution with the sodium salt of an alkylthiol. Scheme E. 2-mono Substituted methyl malonate in the presence of base Such as potassium tert-butoxide to provide 2,2-disubstitued malonate, hydrolysis under basic conditions to form a diacid, decarboxylation of the diacid by heating to give a monoacid, reduction of the monoacid with borane-tetrahyrofuran com plex to provide an alcohol, tosylation of the alcohol with toluenesulfonyl chloride (tosyl chloride) in the presence of a base like pyridine to give a tosylate and replacement of the tosylate with the sodium salt of the desired thiol.
In Scheme G, the sulfide of formula (As), wherein R', R and Y are as previously defined, n=2, and R=H, can be prepared from the nitrile of formula (G) by deprotonation with a strong base and alkylation with an alkyl iodide to give O-alkylated nitrile, hydrolysis of the O-alkylated nitrile in the presence of a strong acid like HCl to give an acid, reduction of the acid with borane-tetrahyrofuran complex to provide an alcohol, tosylation of the alcohol with tosyl chloride in the presence of a base like pyridine to give a tosylate and replace ment of the tosylate with the sodium salt of the desired thiol. In Scheme H, the sulfide of formula (A), wherein R', S and L taken together represents a 4-, 5-or 6-membered ring (m=0, 1, or 2) and n is 0 can be prepared from the correspond ing substituted chloromethylpyridine by treatment with thio urea, hydrolysis and Subsequent alkylation with the appropri ate bromo chloroalkane (m=0, 1, or 2) under aqueous base conditions, and cyclization in the presence of a base like potassium-t-butoxide in a polar aprotic solvent such as THF. 
To a solution of 3-chloromethyl-6-(trifluoromethyl)pyri dine (5.1 g, 26 mmol) in dimethylsulfoxide (DMSO; 20 mL) was added in one portion Sodium thiomethoxide (1.8 g. 26 mmol). A violent exothermic reaction was observed which resulted in the reaction turning dark. The reaction was stirred for 1 hr., then additional sodium thiomethoxide (0.91 g, 13 mmol) was added slowly. The reaction was stirred overnight, after which it was poured into H2O and several drops of conc. HCl were added. The mixture was extracted with EtO (3x50 mL) and the organic layers combined, washed with brine, dried over MgSO and concentrated. The crude product was purified by chromatography (Prep 500, 10% acetone/hex anes) to furnish the sulfide (A) as a pale yellow oil (3.6 g. 67%). "H NMR (300 MHz, CDC1,) 88.6 (s, 1H), 7.9 (d. 1H), 7.7 (d. 1H), 3.7 (s. 2H), 2.0 (s, 3H); GC-MS: mass calcd for CHFNSIM 207. Found 207. To a solution of sulfide (A)(3.5g, 17 mmol) and cyanamide (1.4 mg., 34 mmol) in CHCl (30 mL) at 0°C. was added iodobenzenediacetate (11.0 g, 34 mmol) all at once. The reaction was stirred for 30 min, then allowed to warm to room temperature overnight. The mixture was diluted with CHC1. (50 mL) and washed with HO. The aqueous layer was extracted with ethyl acetate (4x50 mL), and the combined CH2Cl and ethyl acetate layers dried over MgSO and con centrated. The crude product was triturated with hexanes and purifed by chromatography (chromatotron, 60% acetone/ hexanes) to furnish the sulfillimine (B) as a yellow gum (0.60 g, 14% 
To a solution of m-chloroperbenzoic acid (mCPBA: 80%, 1.0 g, 4.9 mmol) in EtOH (10 mL) at 0°C. was added a solution of KCO (1.4g, 10 mmol) in HO (7 mL). The solution was stirred for 20 min, then a solution of sulfillimine (B)(0.60g, 2.4 mmol) in EtOH (20 mL) was added all at once.
The reaction was stirred at 0°C. for 30 min, then allowed to warm to room temperature over the course of 1 hr. The reac tion was then quenched with aq. Sodium bisulfite and the mixture was concentrated to remove ethanol. The resulting mixture was extracted with CH2Cl and the combined organic layers dried over MgSO and concentrated. The crude prod uct was purified by chromatography (chromatotron, 50% acetone/hexanes) to furnish the sulfoximine (1) as an off white solid (0.28 g., 44%). 
To a solution of sulfoximine (1) (50 mg, 0.19 mmol) and hexamethylphosphoramide (HMPA; 17 uL, 0.10 mmol) in tetrahydrofuran (THF: 2 mL) at -78°C. was added potassium hexamethyldisilazane (KHMDS: 0.5 M in toluene, 420 uL. 0.21 mmol) dropwise. The solution was stirred at -78°C. for an additional 20 min, after which iodomethane (13 uL, 0.21 mmol) was added. The reaction was allowed to warm to room temperature over the course of 1 hr., after which it was quenched with satd. aq. NHCl and extracted with CHC1. The organic layer was dried over NaSO4, concentrated, and the crude product purified by chromatography (chroma totron, 70% acetone/CH,Cl) to furnish the sulfoximine (2) as a 2:1 mixture of diastereomers (colorless oil; 31 mg, 59%). To a suspension of thiourea (1.2g, 16 mmol) in EtOH (25 mL) was added a solution of 3-chloromethyl-6-(trifluorom ethyl)pyridine in EtOH (10 mL). The suspension was stirred at room temperature for 2 days, during which a white precipi tated formed. The precipitate was filtered to give the desired amidine hyrdochloride as a white solid (2.4 g 58% To a solution of amidine hydrochloride (A) (1.8 g. 6.8 mmol) in HO (12 mL) at 10°C. was added 10N NaOH (0.68 mL, 6.8 mmol), which resulted in the formation of a white precipitate. The suspension was heated at 100° C. for 30 min, then cooledbackdownto 10°C. Additional 10 NNaOH (0.68 mL, 6.8 mmol) was then added, followed by 1-bromo-3chloropropane (0.67 mL, 6.8 mmol) all at once. The reaction was stirred at room temperature overnight, then extracted with CHC1. The combined organic layers were washed with brine, dried over NaSO and concentrated to furnish the sulfide (B) as a colorless oil (1.7 g.96%). No further attempt was made to purify the product. "H NMR (300 MHz, CDC1) & 8.6 (s, 1H), 7.8 (d. 1H), 7.6 (d. 1H), 3.8 (s. 2H), 3.6 (t, 2H), 2.6 (t, 2H), 2.0 (quint, 2H). To a suspension of potassium tert-butoxide (1.5 g., 13 mmol) in THF (12 mL) was added HMPA (1.7 mL, 10 mmol) followed by a solution of sulfide (B) (1.8 g. 6.7 mmol) in THF (3 mL) dropwise. The reaction was allowed to stir at room temperature overnight, followed by concentration and purifi cation by chromatography (Biotage, 40% EtOAc/hexanes) to furnish cyclized product (C) as an orange oil (230 mg, 15%). 
To a solution of mCPBA (80%, 180 mg. 0.82 mmol) in EtOH (3 mL) at 0°C. was added a solution of KCO (230 mg, 1.7 mmol) in HO (1.5 mL). The solution was stirred for (3E)-1-Chloro-4-ethoxy-1,1-difluorobut-3-en-2-one (7.36 g, 40 mmol) was dissolved in dry toluene (40 mL) and treated with 3-dimethylaminoacrylonitrile (4.61 g, 48 mmol) at room temperature. The solution was heated at about 100° C. for 3.5 hr. The solvent was then removed under reduced pressure and the remaining mixture was re-dissolved in DMF (20 mL), treated with ammonium acetate (4.62g, 60 mmol) and stirred at room temperature overnight. Water was added to the reac tion mixture and the resulting mixture was extracted with ether-CHCH (1:2, V/v) twice. The combined organic layer was washed with brine, dried, filtered and concentrated. The residue was purified on silica gel to give 3.1 g of 6-chloro (difluoro)methylnicotinonitrile (A) as light colored oil in 41% yield. GC-MS: mass calcd for CHCIFN MI" 188. 6-Chloro(difluoro)methylnicotinonitrile (A) (3.0 g, 15.8 mmol) was dissolved in anhydrous ether (25 mL) and cooled in an ice-water bath. A solution of 3 M of methylmagnesium bromide in hexane (6.4 mL, 19 mmol) was added through a syringe. After the addition was over, the mixture was stirred at 0° C. for 5 hr and then at room temperature for 10 hr. The reaction was quenched slowly with 1 N citric acid aqueous solution at 0°C. and the resulting mixture was stirred at room temperature for 1 hr. The pH was adjusted back to pH 7 with saturated NaHCO, aqueous solution. The two phases were separated and the aqueous phase was extracted with ethyl acetate twice. The combined organic layer was washed with brine, dried over anhydrous Na2SO, filtered, and concen trated. The remaining mixture was purified on silica gel eluted with 15% acetone in hexane to give 0.88 g of the desired product 1-6-chloro(difluoro)methylpyridin-3-yl)ethanone (B) as brownish oil in 30% yield. GC-MS: mass calcd for CHCIFNOM 205. Found 205. (C) 
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To a solution of 1-(6-chloro(difluoro)methylpyridin-3yl)ethanone (B) (0.85g. 4.14 mmol) in MeOH (10 mL) at 0° C. was added NaBH (0.16 g. 4.14 mmol). The mixture was stirred for 30 min and 2 M HCl acqueous solution was added until pH reached 7. Solvent was removed under reduced pressure and the remaining mixture was extracted with CHCl (2x50 mL). The combined organic layer was dried over anhydrous NaSO filtered, concentrated, and dried in vacuo to give 0.798 g of analytically pure 1-6-chloro(dif luoro)methyl-pyridin-3-yl)ethanol (C) on GC-MS as a light yellow oil in 93% yield. GC-MS: mass calcd for CHCIFNOM 207. Found 207. To a solution of 1-(6-chloro(difluoro)methyl-pyridin-3yl)ethanol (0.78g, 3.77 mmol) in CH2Cl (40 mL) was added thionyl chloride (0.54 mL, 7.54 mmol) dropwise at room temperature. After 1 hr, the reaction was quenched slowly with saturated NaHCO, aqueous solution and the two phases were separated. The organic layer was dried over Na2SO4. filtered, concentrated, and dried in vacuum to give 0.83 g of the crude 2-chloro(difluoro)methyl-5-(1-chloroethyl)pyri dine (D) as brown oil in 98% yield, which was directly used for the next step reaction. GC-MS: mass calcd for CH,ClFN MI" 225. Found 225.
To a solution of 2-chloro(difluoro)methyl-5-(1-chloroet hyl)pyridine (D) (0.81 g, 3.6 mmol) in ethanol (10 mL) was added sodium thiomethoxide (0.52g, 7.4 mmol) under stir ring in one portion at 0°C. After 10 min, the mixture was allowed to warm to room temperature and stirred overnight. The solvent ethanol was then removed under reduced pres sure and the residue was re-taken into ether/CH2Cl2 and brine. The two phases were separated and the organic layer was extracted with CHCl, one more time. The combined organic layer was dried over anhydrous Na2SO4, filtered, concentrated, purified on silica gel using 5% ethyl acetate in hexane to give 0.348 g of the 2-chloro(difluoro)methyl-5-1-(methylthio)ethylpyridine (E) in 40% yield GC-MS: mass calcd for CHCIFNS MI" 237. Found 237.
To a stirred solution of 2-chloro(difluoro)methyl-5-1-(methylthio)-ethylpyridine (E) (0.32 g, 1.35 mmol) and cyanamide (0.058 g, 1.35 mmol) in THF (7 mL) was added iodobenzene diacetate (0.44g, 1.35 mmol) in one portion at 0° C. and the resulting mixture was stirred at this temperature for 1 hr and then at room temperature for 2 hr. The solvent was then removed under reduced pressure and the resulting mix ture was dissolved in CHCl, washed with half-saturated brine, dried over anhydrous NaSO filtered, concentrated, and purified on silica gel using 50% acetone in hexane to give 0.175 g of (1-6-chloro-(difluoro)methylpyridin-3yl)ethyl)(methyl)-N'-sulfanylidenecyanamide (F) as light yellow oil in 48% yield. "H NMR (300 MHz, CDC1) & 8.71 
To a stirred solution of (1-6-chloro(difluoro)methylpy ridin-3-yl)ethyl)-(methyl)-N'-sulfanylidenecyanamide (F) (0.16 g. 0.6 mmol) in ethanol (10 mL) was added 20% potas sium carbonate aqueous Solution (1.24g, 1.8 mmol) at 0°C. under stirring. After 10 minstirring, 80% mCPBA (0.19 g, ca 0.9 mmol) was added to the mixture, which was stirred at 0° C. for 2 hr after which the reaction was quenched with a spatula of solid sodium thiosulfate. Most of the solvent etha nol was removed under reduced pressure and an aqueous saturated NaHCO-brine (1:1, V/v) solution was added and the mixture extracted with chloroform three times. The com A mixture of 5-ethylpyridine-2-carboxylic acid (1.98 g. 13 mmol), phenyl-phosphonic dichloride (2.8 g., 14.3 mmol), phosphorus pentachloride (7.7 g. 32 mmol) was stirred and slowly heated. Once a clear yellow liquid was formed, the mixture was heated to reflux overnight. After cooling, the volatiles were removed under reduced pressure. The residue was carefully poured into Saturated sodium carbonate aque ous solution cooled in an ice-water bath. The aqueous phase was then extracted with CHCl two times. The combined organic layer was washed with brine, dried over anhydrous Na2SO, filtered, concentrated, and partially purified on silica gel eluted with 10% EtOAc in hexane to give 2.7 g of crude product containing both 5-ethyl-2-(trichloromethyl)pyridine and 5-(1-chloro-ethyl)-2-(trichloromethyl)pyridine in an approximate 3:1 ratio (GC data, masses calcd for CHC1N and CH.ClNMI" 223 and 257 respectively. Found 223 and 257 respectively).
A mixture of the above-mentioned crude product (2.6 g) in carbon tetrachloride (100 mL) was then treated with 80% of N-bromosuccinimide (1.9 g, 11 mmol) and benzoylperoxide 21 (0.66 g., 0.275 mmol) and then refluxed overnight. The solid was filtered off, the filtrate concentrated and the resulting residue purified on silica gel using 4% EtOAC in hexane to give 1.0 g of the desired product 5-(1-bromoethyl)-2-(trichlo romethyl)pyridine (A) as a yellow solid. The combined yield for the two steps was 25%. GC-MS: mass calcd for CHBrC1N M-1-C1' 266. Found 266. A solution of 5-(1-bromoethyl)-2-(trichloromethyl)pyri dine (A) (0.95 g, 3.14 mmol) in ethanol (15 mL) was treated with sodium thiomethoxide (0.44 g. 6.29 mmol) portionwise at 0°C. The mixture was stirred at room temperature over night. The solvent ethanol was then removed under a reduced pressure and the residue was re-taken into CH2Cl and brine. The two phases were separated and the organic layer was dried over anhydrous NaSO filtered, concentrated. The residue was purified on silica gel using 5% EtOAc in hexane to give 0.57 g of the partially pure 5-1-(methylthio)ethyl-2-(trichloromethyl)pyridine (B) in 67% crude yield. GC-MS: mass calcd for CHC1NS MI" 269. Found 269.
To a stirred solution of 5-1-(methylthio)ethyl-2-(trichlo romethyl)-pyridine (B) (0.55g, 2.3 mmol) and cyanamide (0.097g, 2.3 mmol) in THF (7 mL) cooled to 0°C. was added iodobenzene diacetate (0.75g, 2.3 mmol) in one portion. The resulting mixture was stirred at 0°C. for 1 hr and then at room temperature for 2 hr. The solvent was removed in vacuo and the resulting mixture was purified on silica gel using 50% acetone in hexane to give 0.254 g of (1E)-methyl{1-6-(trichloromethyl)pyridin-3-yl)ethyl-N'-sulfanylidenecy anamide (C) as an off-white solid in 40% yield. "H NMR for 
To a stirred solution of (1E)-methyl{1-6-(trichlorom ethyl)pyridin-3-yl)ethyl-N'-sulfanylidenecyanamide (C) (0.20 g, 0.65 mmol) in ethanol (15 mL) was added 20% aqueous potassium carbonate solution (1.3 mL) at 0°C., followed by addition of 80% mCPBA. The resulting mixture was stirred for 2 hr at 0° C. and then quenched with solid sodium thiosulfate. Most of the solvent was evaporated and 1:1 aqueous saturated NaHCO-brine (v/v) was added and the mixture was extracted with chloroform three times. The com bined organic layer was dried over anhydrous NaSO, fil tered and concentrated. The residue was purified on silica gel using 40% acetone in hexane to give 0.10 g of 1-(6-trichlo romethylpyridin-3-yl)ethyl(methyl)-oxido-'-sulfa nylidene-cyanamide (5) as colorless oil in 50% yield. "H NMR (300 MHz, CDC1) & 8.83 (s, 1H), 8.12-8.23 (m. 1H), 5.15 (q, 1H), 3.37 and 3.28 (2 s, 3H, a mixture of two diaste reomeric C-CH groups between the Sulfoximine and the pyridine tail), 2.03 (d. 3H); LC-MS: mass calcd for CHCINOS M+1" 328. Found 328.
Example VI
To a solution of dimethylsulfide (10.0 g, 161 mmol) and cyanamide (6.7 g. 161 mmol) in THF (500 mL) at 0°C. was added iodobenzenediacetate (51.8 g. 161 mmol) all at once. Let stir at 0°C. for 30 min, then allowed reaction to warm to room temperature overnight. The reaction was concentrated and purified by passing through a silica gel plug, first with 100% hexanes, then with 100% acetone, furnishing sulfil imine (A) as a colorless oil-13.4 g (82%). "H NMR (300 MHz, CDC1)ö 2.8 (s, 6H); GC-MS. mass calcd for CHNS MI, 102. Found 102.
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To a solution mCPBA (80%, 25.3 g 147 mmol) in EtOH (450 mL) at 0°C. was added solution of KCO (40.6 g. 294 mmol) in HO(340 mL). After 20 min, sulfillimine (10.0g,98 mmol) in EtOH (150 mL) was added all at once. The suspen sion was stirred at 0°C. for 90 min, after which the crude reaction mixture was concentrated to remove EtOH, then extracted with CHCl (3x). The combined organic layers were washed with satd aq NaHCO solin (3x), dried over NaSO and concentrated to furnish sulfoximine (B) as a yellow solid=1310 g (10%). "H NMR (300 MHz, CDC1) & 3.4 (s, 6H); GC-MS: mass calcd for CHNOS MI", 118.
Found 118.
To a solution of sulfoximine (100 mg. 0.85 mmol) in THF (2 mL) at -78° C. was added nBuLi (2.5 M, 340 uL, 0.85 mmol) dropwise. The solution was let solution stirfor 20 min, then 5-(chloromethyl)-2-trifluoromethylpyridine (170 mg. 0.85 mmol) was added. The solution was let solution stir at -78°C. for additional 2 h, then quenched with satdaqammo nium chloride and extracted with CHC1. The combined organic extracts were dried over Sodium Sulfate, concentrated and purified by flash chromatography (40% EtOAc/80% hex anes) to furnish 2-(6-trifluoromethylpyridin-3-yl)ethyl(me thyl)-oxido-N'-sulfanylidene-cyanamide (6) as a yellow solid=14.5 mg (6%); mp=83-87° C. "H NMR (300 MHz, To a solution of 2-iodo-5-bromopyridine (18.4g, 65 mmol) in THF (100 mL) at -15°C. was added isopropylmagnesium chloride (2M, 35 mL, 70 mmol) dropwise at a rate such that the temperature of the reaction did not exceed 0° C. The reaction was stirred at -15° C. for 1 h, then DMF (7.5 mL, 97 mmol) was added dropwise at a rate such that the temperature of the reaction did not exceed 0°C. The reaction was stirred for 30 min, then warmed to room temperature for an addi tional 1 h. The reaction was cooled back down to 0°C. and 2 N HCl (80 mL) was added dropwise, maintaining the tem perature below 20° C. After stirring for 30 min, 2 N NaOH was added until pH 7 was reached. The organic layer was then separated and the aqueous layer extracted with CH2Cl2 (3x). The combined organic layers were dried over MgSO con centrated and purified by flash chromatography (SiO, 10% EtOAc/hexanes) to furnish 5-bromopyridine-2-carbaldehyde (A) as a white solid (7.3g, 60%). "HNMR (300 MHz, CDC1)
To a cooled solution of 5-bromopyridine-2-carbaldehyde (A) (7.0 g, 38 mmol) in CHCl (300 mL) at -78°C. was added diethylaminosulfur trifluoride (DAST, 10.8 mL, 83 mmol). The reaction was allowed to warm to room tempera ture over the course of 6 h, then it was quenched slowly with H2O, washed with saturated aqueous NaHCO and dried over Na2SO4 
To a solution of 5-bromo-2-difluoromethylpyridine (B) (1.8 g., 8.6 mmol) in THF (40 mL) at 25° C. was added isopropylmagnesium chloride (2M, 8.6 mL, 17 mmol) drop wise. The reaction was allowed to stir for 2 h, then DMF (660 LL, 8.6 mmol) was added and the reaction was stirred for an additional 22 h. The reaction was quenched with 2M HCl and US 8,288,422 B2 25 basified with 1M NaOHuntil pH 7 reached. The organic layer was separated and the aqueous layer was extracted with CHC1. The combined organic layers were dried over Na2SO, concentrated and purified by flash chromatography (10% EtOAc/hexanes) to furnish 6-difluoromethylpyridine 3-carbaldehyde (C) as an orange oil (320 mg, 24%).
To a solution of 6-difluoromethylpyridine-3-carbaldehyde (C) (500 mg, 3.2 mmol) in MeOH (10 mL) at 0°C. was added NaBH (60 mg, 1.6 mmol). The reaction was allowed to stir for 30 min, then 2M HCl was added until pH 2 was reached. The resulting solution was extracted with CHCl (3x) and the combined organic layers dried over NaSO and concen trated to furnish (6-difluoromethyl-pyridin-3-yl)methanol (D) as an orange oil (420 mg.82%) which was used in the next step without further purification. "H NMR (300 MHz, CDC1,) & 8.6 (s, 1H), 7.9 (d. 1H), 7.6 (d. 1H), 6.6 (t, 1H), 4.8 (s. 2H).
To a solution of (6-difluoromethylpyridin-3-yl)methanol (D) (450 mg, 2.8 mmol) in CHCl (10 mL) at room tempera ture was SOCl (230 ul, 3.1 mmol). The reaction was allowed to stir for 1 h, then the reaction was quenched slowly with saturated aqueous NaHCO. The aqueous phase was extracted with CHCl (3x) and the combined organic layers were dried over NaSO and concentrated to furnish the The resulting solution was extracted with CHCl (3x) and the combined organic layers dried over NaSO and concentrated to furnish 5-chloromethyl-2-difluoromethylpyridine (E) as a reddish brown oil (490 mg.98%) which was used in the next step without further purification. "H NMR (300 MHz, CDC1) & 8.7 (s, 1H), 7.9 (d. 1H), 7.6 (d. 1H), 6.6 (t, 1H), 4.6 (s. 2H). To a solution of sodium thiomethoxide (240 mg, 3.3 mmol) in EtOH (10 ml) at room temperature was added a solution of 5-chloromethyl-2-difluoromethylpyridine (E) (490 mg, 2.8 mmol) in EtOH (3 mL). The reaction was allowed to stir for 9 h, then the reaction was concentrated, taken up in Et2O, and washed with HO. The organic phase was dried over NaSO and concentrated to furnish 2-difluoromethyl-5-methylthi omethyl-pyridine (F) as an orange oil (422 mg, 81%) which was used in the next step without further purification. "H NMR (300 MHz, CDC1) & 8.6 (s, 1H), 7.8 (d. 1H), 7.6 (d. 1H), 6.6 (t, 1H), 3.7 (s. 2H), 2.0 (s.3H).
(6-Difluoromethylpyridin-3-yl)methyl(methyl)-oxido -sulfanylidenecyanamide (7) Example VIII (7) Example IX
(E)-1-Ethoxy-4,4,5,5,5-pentafluoropent-1-en-3-one (1.09 g, 5 mmol) in anhydrous ethyl ether (5 mL) was treated with 1-((E)-3-methylthiobut-1-enyl)pyrrolidine (0.85g. 5 mmol) in 2 mL dry ether at -15°C. over a period of 5 min and the reaction was continued for 20 min. Then the temperature was allowed to rise to room temperature and the reaction contin ued for 3 h. The solvent was removed under reduced pressure and the residue re-dissolved in anhydrous DMF (5 mL). Ammonium acetate (0.58 g, 7.5 mmol) was added and the mixture stirred at room temperature over a weekend. Water was added and mixture extracted with ether three times. The combined organic layer was washed with brine, dried over anhydrous Na2SO4, filtered, concentrated, and purified on silica gel eluted with 8% EtOAc in hexane (v/v) to give 0.16 g of the desired 5-(1-methylthioethyl)-2-pentafluoroethylpy ridine (A) as brownish colored oil in 12% yield. GC-MS: mass calcd for CHFNS MI* 271. Found 271.
To a stirred solution of the 5-(1-methylthioethyl)-2-pen tafluoro-ethylpyridine (A) (0.16g, 0.6 mmol) and cyanamide (0.025g, 0.6 mmol) in THF (3 mL) cooled to 0°C. was added iodobenzene diacetate (0.19 g, 0.6 mmol) in one portion and the resulting mixture was stirred at 0°C. for 2 hand then at room temperature overnight. The solvent was removed in vacuo and the resulting mixture was suspended in brine saturated NaHCO, (9:1), which was then extracted with CHC1-EtOAc (1:1, V/v) two times. The combined organic layer was dried over NaSO, filtered, concentrated, and dried to give 0.16 g of (1-6-pentafluoroethylpyridin-3-yl)ethyl) (methyl)-N'-sulfanylidenecyanamide (B) as a brownish oil in 85% yield. LC-MS. mass calcd for CHFNS MI" 3.11.28. Found M-1' 309.84
To a stirred solution of the 80% 3-chloroperoxybenzoic acid (0.17 g. ca 0.8 mmol) in ethanol (3 mL) cooled to 0°C. was added 20% aqueous potassium carbonate (1.0 mL, 1.5 mmol and the resulting mixture was stirred at 0°C. for 20 min. Then (1-6-pentafluoroethylpyridin-3-yl)ethyl)(me thyl)-N'-sulfanylidenecyanamide (B) was added at once and the mixture was stirred at 0° C. for 1 h. The reaction was quenched with a small spatula of Solid sodium thiosulfate. Most of the solvent was evaporated and brine solution was added and the mixture extracted with CHCl three times. The combined organic layer was dried over NaSO filtered and concentrated and the residue was purified on silica gel using 10% acetone in CHCl (v/v) to give 0.089 g of 1-(6-pen tafluoroethylpyridin-3-yl)ethyl(methyl)-oxido-'-sulfa nylidenecyanamide (9) Example XI
To a solution of 5-(1-methylthioethyl)-2-trifluorometh ylpyridine (2.0 g, 9 mmol) in CHCl (20 mL) at 0°C. was added solution of mCPBA (2.1 g, 10 mmol) in CHCl (25 mL 
To a solution of 5-1-(methylsulfonimidoyl)ethyl-2-trif luoromethylpyridine (B) (100 mg, 0.4 mmol) in CHCl (2 mL) at 0°C. was added HNO (16 uL, 0.4 mmol) dropwise. To the resulting suspension was added acetic anhydride (750 LL) and concentrated HSO (5 L) and the mixture was heated to 40° C. The suspension slowly became homoge neous over the course of 15 min. The solvent was then removed and the crude residue was dissolved in H2O. Solid NaCO was added until pH 8 was reached and the aqueous phase was extracted with CH2Cl2. The combined organic layers were dried over NaSO concentrated and purified by flash chromatography to furnish 2-trifluoromethyl-5-(1-me thyl(oxido)-oxido(oxo)hydrazono-'-sulfanyl)ethyl)pyri dine (11) 
To a solution 5-methyl-2-acetylpyridine (9.9 g, 73.3 mmol) in molecule sieves-dried CHCl (150 mL) was added diethy lamino sulfolnyltrifluoride (DAST) (25.8 g. 260 mmol) at room temperature and the mixture was stirred at room tem perature overnight. More DAST (12 g, 74 mmol) was added and the reaction continued for two more days after which an additional DAST (3.8 g. 23 mmol) was added and the reaction continued for another 3 days. After the reaction was quenched slowly with saturated NaHCO at 0°C., the organic phase was separated, dried over NaSO, filtered, and concentrated. The residue was purified on silica gel eluted with 8% EtOAc in hexane to give 3.91 g of 2-(1,1-difluoroethyl)-5-methylpyri dine (A) as a light brownish oil in 34% yield. GC-MS. mass calcd for CHFN MI" 157. Found 157.
A mixture of 2-(1,1-difluoroethyl)-5-methylpyridine (A) (2.0 g, 12.7 mmol), N-bromosuccinimide (2.2g, 12.7 mmol) and benzoylperoxide (0.15g, 0.63 mmol) in carbon tetrachlo ride (100 mL) was refluxed overnight. After the solid was removed by filtration, the filtrate was concentrated. The resi due was re-dissolved in ethanol (40 mL) and sodium thi omethoxide (1.33 g, 19 mmol) was added at room tempera ture and stirred for 3 h. The solvent was removed under reduced pressure and the remaining mixture was dissolved in CH2Cl and water. After separation, the organic layer was dried over NaSO, filtered and concentrated. The crude product 2-(1,1-difluoroethyl)-5-methylthiomethyl-pyridine (B) was 94% pure on GC/MS, which was used directly for the next reaction without further purification. GC-MS: mass calcd for CHFNS MI" 203. Found 203.
To a stirred solution of 2-(1,1-difluoroethyl)-5-methylthi omethylpyridine (B) (1.22 g. 6.0 mmol) and cyanamide (0.25 g, 6.0 mmol) in THF (7 mL) cooled to 0° C. was added iodobenzene diacetate (1.93 g. 6.0 mmol) in one portion and the resulting mixture was stirred at 0°C. for 1 h and then at room temperature for 2 h. The solvent was removed in vacuo and the resulting mixture was purified on silica gel using 60% acetone in hexane (v/v) to give 1.22 g of (6-(1,1-difluoroet hylpyridin-3-yl)methyl(methyl)-N'-sulfanylidenecyana mide (C) (84% yield) as brownish oil which turned into a brownish solid after standing in the refrigerator overnight. LC-MS: mass calcd for CHFNS M 243.28. Found M+1" 244.11.
To a 100 ml round bottom flask equipped with magnetic stirrer, addition funnel, and thermometer was charged the sodium periodate (0.95 g, 4.44 mmol) and water (12 mL). After the solid had dissolved, 15 mL of CHCl was added followed by the ruthenium trichloride hydrate (0.033 g, 0.15 mmol). I6-(1,1-difluoroethylpyridin-3-yl)methyl(methyl)- -sulfanylidenecyanamide (C) (0.72 g, 2.96 mmol) dis solved in 5 mL of CHC1 was added dropwise over a period of 30 min. The mixture was stirred rapidly at room tempera ture for 1.5 h and then filtered through a filtering paper to remove some insolubles. The mixture was then separated in separation funnel after ethyl acetate was added to facilitate the separation. The aqueous phase was extracted with CH2Cl2 twice. The combined organics was washed with brine, dried over dry NaSO filtered, concentrated, and briefly purified on silica gel with 70% acetone in hexane to give 0.652 g of the desired product (6-(1,1-difluoroethylpyridin To a solution of (6-(1,1-difluoroethylpyridin-3-yl)me thyl(methyl)-oxido -sulfanylidenecyanamide (D) (0.55g, 2.0 mmol) and HMPA (0.09 mL, 0.55 mmol) in 20 mL anhy drous THF was added 0.5 M potassium bis(trimethylsilyl) amide in toluene (4.4 mL, 2.2 mmol) at -78° C. dropwise. After 45min, iodomethane (0.14 mL, 2.2 mmol) was added in one portion via a syringe. Ten minutes later, the temperature was allowed to rise to 0°C. and mixture continued to stir for 1.5 h. The reaction was quenched with Saturated aqueous NHCl, diluted with brine, extracted once each with EtOAc and CHC1. The combined organic layer was dried over NaSO filtered, and concentrated. The residue was purified by preparative HPLC to give 0.15 g of the desired 6-(1,1difluoroethyl)pyridin-3-yl)ethyl(methyl)-oxido-'-sulfa nylidenecyanamide (12) Squash with fully expanded cotyledon leaves were trimmed to one cotyledon per plant and infested with cotton 35 aphid (wingless adult and nymph) 1 day prior to chemical application. Each plant was examined before chemical appli cation to ensure proper infestation (ca. 30-70 aphids per plant). Compounds (2 mg) were dissolved in 2 ml of acetone: methanol (1:1) solvent, forming stock solutions of 1000 ppm.
The stock solutions were then diluted with a diluent consist ing 80 parts of 0.025% Tween 20 in HO and 20 parts of acetone:methanol (1:1). A hand-held Devilbiss sprayer was used to apply the test solutions until runoff to both sides of the squash cotyledon leaves. Four plants (4 replications) were used for each concentration of each compound. Reference plants (solvent check) were sprayed with the diluent only. Treated plants were held in a holding room for 3 days at approximately 23°C. and 40% RH before the number of live aphids on each plant was recorded. Insecticidal activity was measured by Corrected% Control using Abbott's correction formula and presented in The compounds that showed high activities against cotton aphid in Table 1 were selected for further testing against green peach aphid using procedures described hereinafter.
Example XIV
Insecticidal Test for Green Peach Aphid (Myzus persicae) in Foliar Spray Assay Cabbage seedlings grown in 3-inch pots, with 2-3 small (3-5 cm) true leaves, were used as test substrate. The seed lings were infested with 20-50 green peach aphids (wingless adult and nymph) 2-3 days prior to chemical application. Four seedlings were used for each treatment. Compounds (2 mg) were dissolved in 2 ml of acetone:methanol (1:1) solvent, forming stock solutions of 1000 ppm. The stock solutions were then diluted with a diluent consisting 80 parts of 0.025% Tween 20 in HO and 20 parts of acetone:methanol (1:1). A hand-held Devilbiss sprayer was used for spraying the test solutions to both sides of cabbage leaves until runoff. Refer ence plants (solvent check) were sprayed with the diluent only. Treated plants were held in a holding room for three days at approximately 23° C. and 40% RH prior to grading. Evaluation was conducted by counting the number of live aphids perplant under a microscope. Insecticidal activity was measured by using Abbott's correction formula: 
In each case of Table 2 the rating scale is the same as that used for Table 1 .
The compounds that showed high activities against green peach aphid in Table 2 were selected for further testing against brown planthopper and green leafhopper using pro cedures described hereinafter.
Example XV
Insecticidal Test for Brown Planthopper (Nilaparvata lugens) and Green Leafhopper (Nephotettix Sp.)
A foliar spray assay and a root-uptake systemic assay were performed on both brown planthopper and green leafhopper. Four-week-old rice seedlings were submerged in 3-cm depth of water in the bottom portion (high 5 cm, diameter 3 cm) of a 2-part glass cylinder (high 18 cm, diameter 3 cm). A metal screen was used to hold the seedlings within the bottom portion. Scotch tape was used to bind the two portions of the cylinder after setting up the seedlings. A metal cap was used to cover the cylinder. There were 4 cylinders for each treat ment. The test compound was dissolved in acetone to make a 10,000 ppm stock solution. For the foliar spray assay, this stock solution was diluted with water to make 10, 2.5, 0.31, 0.08 and 0.02 ppm test solutions. A volume of 0.5 ml of a test Solution or solvent blank as check was sprayed into the glass cylinder. For systemic test, the stock solution was incorpo rated at final test concentrations of 10, 2.5,0.31, 0.08 and 0.02 ppm in the water in which rice seedlings were submerged. In both foliar spray and systemic tests, five laboratory-reared 3" instar nymphs of brown planthopperor green leafhopper were introduced into each cylinder 3 hr after insecticide applica tion. The treated test units were kept in a growth chamber with conditions set as followings: Temperature 28+0.5°C.; Rela tive humidity 70+0.5%; Photoperiod 14 hr light:8 hr dark. Mortality of hoppers was observed at 2 and 6 days after infestation. The corrected '% Control values relative to mor tality in the solvent reference are given in Tables 3 and 4.   TABLE 3 Foliar spray activity against brown planthopper and green leafhopper on rice.
% Control at ppm against % Control at ppm against green leafhopper brown planthopper Comp # 0.02 0.08 0.31 2.5 10 0.02 0.08 0.31 2.5 10 This test was designed to measure the capability of whitefly eggs and/or young nymphs to develop to large nymphs. Cot ton seedlings at the growth stage of one or two expanding true leaf were trimmed so that only the first true leaf remained (cotyledon leaves were also removed). The plants were pre infested with Sweet potato whitefly eggs by keeping plants next to the colony-keeping plants for two days. The infested plants were carefully checked for presence of similar egg density before use in the insecticidal tests. Master solutions of test compounds at 1000 ppm were prepared in acetone: methanol (1:1). The 12.5 ppm spray solutions were then made by diluting 0.188 mL of the master solution with 14.812 ml of 0.025% Tween 20 in water. The lower concentrations were made by diluting the 12.5 ppm spray solution with a diluent consisting 98.75 parts of 0.025% Tween 20 in water and 1.25 parts of acetone:methanol (1:1). The diluent was used as solvent control. The test solutions were sprayed with a hand held Devilbiss sprayer until runoff to both sides of the infested cotton leaves. Four plants (4 replications) were used for each treatment. Treated plants were held in a holding room for 12 days at approximately 23° C. and 40% RH before evaluation. To evaluate the efficacy of the compounds, the number of live large nymphs in an area of 1 Square inch on the lower surface of the treated cotton leaves was counted under a microscope. Insecticidal activity was determined by Cor rected% Control using Abbott's correction formula and pre sented in Table 5 :
Corrected% Control=100*(X-Y)/X Systemic activity of compound 2 against greenpeach aphid was evaluated in a root uptake assay. Bell peppers (Capsicum annum var. California Wonder) was used as test plant seeded and grown in rock wool plugs. Plants were grown to expand ing 1 true leaf stage. The rock wool plugs containing indi vidual plants were placed in 1-ounce cups and Surrounded with white clean sand. Five plants were used for each treat ment. Stock solution of 1000 ppm was made by dissolving 2 mg of technical test compound in 2 mL acetone. The highest test concentration (10 ppm, 0.05 mg/5 ml) was prepared by diluting 0.32 mL stock solution with 1.6 mL acetone and 30.08 mL DI water, containing 6% acetone. Lower test con centrations were prepared by sequentially diluting 6.5 mL higher concentration (start from the 10 ppm test solution) with 26.0 ml acetone:DI water (6:94). A volume of 5 mL was applied to each cup (each plant). Use 6% acetone in water as Solvent check. After insecticide application, the seedlings were infested with green peach aphids and held in a growth chamber (25°C., 50% R.H., 16 hr light: 8 hr drak). Number of live aphid on each plant was counted at 3 days after infesta tion. Calculations for '% control were based on a corrected basis compared to the populations on the Solvent check plants. Corrected given in Table 6 . Compound 2 was tested in an assay designed to evaluate its systemic activity for control of cotton aphid through seed coating prior to planting. The crop used in this assay was a hybrid squash (var. Pic-N-Pic). Test compound was formu lated in a 10% SC formulation. For the 1 mg/seed treatment, the original 10% formulation was used. For the 0.1 mg/seed treatment, the 10% formulation were diluted 10x with DI water before application. Ten Squash seeds were used for each treatment. Seeds were placed on waxed paper and a pipette was used to apply the original or diluted formulations to each seed. One half (5 ul) of the sample was spread onto one side of a seed. Once dried (approximately 1 hr), the seed was flipped over and the 2nd half of sample was spread over the other side. The air-dried, treated seeds were individually planted into 3 inch pots containing metro mix. The pots were placed on a California cart and moved into the greenhouse for Sub watering only. Thirteen days later, when the seedlings were approximately 9 inch tall with three expanding true leaves, the 1st leaf was infested with approximately 40 wing less aphids. The infested plants were kept in an environmental holding room (23 C, 40% RH. 16 hr light: 8 hr dark) for three days before the number of live aphids was counted under a microscope. Calculations for% control were based on a cor rected basis compared to the populations on the reference plants germinated from seeds treated with the formulation blank.
Corrected% Control=100*(X-Y)/X where X=No. of live aphids on reference plants
Y=No. of live aphids on treated plants The Corrected 96 Control values from assays are given in Table 7 . infested Petri dishes were put in the laboratory Conviron at 28°C. and 60% RH. Termite mortality was recorded at 1, 2, 4, 7, and 10 days after infestation (DAI). Throughout the dura tion of the test, an average of 150 ul of DI water was added daily to the filter papers to retain moisture. Results are pre sented in Table 8 . in Filter Wool Assay
Compound 2 was evaluated in a dose response series to establish the range of activity of the test compound. Technical material was dissolved in acetone and diluted with the same Solvent to obtain the test concentrations. Bioassays were con ducted by treating polyester aquarium filter wool with 1.0 ml of the test solution, thoroughly saturating the Substrate and allowing it to dry for at least 1 hour. The dry filter wool was then placed into 10 cm plastic Petri dishes and covered with the lid. Each treatment was replicated 5 times. Approximately 15unfedcat flea adults were placed into each replicate of each dosage being evaluated. Mortality was assessed at 2, 8, 24 and 48 hours after introduction of the fleas into the test system. The mean percent mortality for each dosage group and time interval was determined and results from the 48-hour obser vation are presented in Table 9 . Solvent to obtain the test concentrations. Tick bioassays were conducted by applying 1.0 ml of the test Substance to clean dry glass plates confined by 10cm grease pencil circles drawn on the plates and spread evenly with an acid brush. The plates were allowed to dry for at least 1 hour before adult ticks were confined to the treated substrate using 10 cm Petri dish lids. Each treatment was replicated 5 times. Approximately 5 adult ticks were placed into each replicate. Mortality was assessed at 2, 8, 24 and 48 hours after introduction of the ticks into the test system. The mean percent mortality for each dosage group and time interval was determined and results from the 48-hour observation are presented in Table 10 . Insecticide Utility The compounds of the invention are useful for the control of invertebrates including insects. Therefore, the present invention also is directed to a method for inhibiting an insect which comprises applying an insect-inhibiting amount of a compound of formula (I) to a locus of the insect, to the area to be protected, or directly on the insect to be controlled. The compounds of the invention may also be used to control other invertebrate pests such as mites and nematodes.
The "locus of insects or other pests is a term used herein to refer to the environment in which the insects or other pests live or where their eggs are present, including the air Sur rounding them, the food they eat, or objects which they con tact. For example, insects which eat, damage or contact edible, commodity, ornamental, turfor pasture plants can be controlled by applying the active compounds to the seed of the plant before planting, to the seedling, or cutting which is planted, the leaves, stems, fruits, grain, and/or roots, or to the soil or other growth medium before or after the crop is planted. Protection of these plants against virus, fungus or bacterium diseases may also be achieved indirectly through controlling sap-feeding pests such as whitefly, plant hopper, aphid and spider mite. Such plants include those which are bred through conventional approaches and which are geneti cally modified using modern biotechnology to gain insect resistant, herbicide-resistant, nutrition-enhancement, and/or any other beneficial traits.
It is contemplated that the compounds might also be useful to protect textiles, paper, stored grain, seeds and other food stuffs, houses and other buildings which may be occupied by humans and/or companion, farm, ranch, Zoo, or other ani mals, by applying an active compound to or near Such objects. Domesticated animals, buildings or human beings might be protected with the compounds by controlling invertebrate and/or nematode pests that are parasitic or are capable of transmitting infectious diseases. Such pests include, for example, chiggers, ticks, lice, mosquitoes, flies, fleas and heartworms. Nonagronomic applications also include inver tebrate pest control in forests, in yards, along road sides and railroad right of way.
The term "inhibiting an insect" refers to a decrease in the numbers of living insects, or a decrease in the number of viable insect eggs. The extent of reduction accomplished by a compound depends, of course, upon the application rate of the compound, the particular compound used, and the target insect species. At least an inactivating amount should be used. The term "insect-inactivating amount' is used to describe the amount, which is Sufficient to cause a measurable reduction in the treated insect population. Generally an amount in the range from about 1 to about 1000 ppm by weight active compound is used. For example, insects or other pests which can be inhibited include, but are not limited to: The compounds of this invention are applied in the form of compositions which are important embodiments of the inven tion, and which comprise a compound of this invention and a phytologically-acceptable inert carrier. Control of the pests is achieved by applying compounds of the invention informs of sprays, topical treatment, gels, seed coatings, microcapsula tions, systemic uptake, baits, eartags, boluses, foggers, fumi gants aerosols, dusts and many others. The compositions are either concentrated solid or liquid formulations which are dispersed in water for application, or are dust or granular formulations which are applied without further treatment. The compositions are prepared according to procedures and formulae which are conventional in the agricultural chemical art, but which are novel and important because of the presence therein of the compounds of this invention. Some description of the formulation of the compositions will be given, how ever, to assure that agricultural chemists can readily prepare any desired composition.
The dispersions in which the compounds are applied are most often aqueous Suspensions or emulsions prepared from concentrated formulations of the compounds. Such water soluble, water-suspendable or emulsifiable formulations are either solids, usually known as wettable powders, or liquids usually known as emulsifiable concentrates or aqueous Sus pensions. Wettable powders, which may be compacted to form water dispersible granules, comprise an intimate mix ture of the active compound, an inert carrier, and Surfactants. The concentration of the active compound is usually from about 10% to about 90% by weight. The inert carrier is usu ally chosen from among the attapulgite clays, the montmo rillonite clays, the diatomaceous earths, or the purified sili cates. Effective surfactants, comprising from about 0.5% to about 10% of the wettable powder, are found among the Sulfonated lignins, the condensed naphthalenesulfonates, the naphthalenesulfonates, the alkylbenzenesulfonates, the alkyl Sulfates, and nonionic Surfactants such as ethylene oxide adducts of alkyl phenols.
Emulsifiable concentrates of the compounds comprise a convenient concentration of a compound, such as from about 50 to about 500 grams per liter of liquid, equivalent to about 10% to about 50%, dissolved in an inert carrier which is either a water miscible solvent or a mixture of water-immiscible organic solvent and emulsifiers. Useful organic solvents include aromatics, especially the Xylenes, and the petroleum fractions, especially the high-boiling naphthalenic and ole finic portions of petroleum Such as heavy aromatic naphtha. Other organic Solvents may also be used. Such as the terpenic Solvents including rosin derivatives, aliphatic ketones Such as cyclohexanone, and complex alcohols such as 2-ethoxyetha nol. Suitable emulsifiers for emulsifiable concentrates are chosen from conventional anionic and/or nonionic Surfac tants, such as those discussed above.
Aqueous Suspensions comprise Suspensions of water-in soluble compounds of this invention, dispersed in an aqueous vehicle at a concentration in the range from about 5% to about 50% by weight. Suspensions are prepared by finely grinding the compound, and vigorously mixing it into a vehicle com prised of water and Surfactants chosen from the same types discussed above. Inertingredients, such as inorganic salts and synthetic or natural gums, may also be added, to increase the density and Viscosity of the aqueous vehicle. It is often most effective to grind and mix the compound at the same time by preparing the aqueous mixture, and homogenizing it in an implement Such as a sand mill, ball mill, or piston-type homogenizer.
The compounds may also be applied as granular composi tions, which are particularly useful for applications to the soil. Granular compositions usually contain from about 0.5% to about 10% by weight of the compound, dispersed in an inert carrier which consists entirely or in large part of clay or a similarinexpensive Substance. Such compositions are usually prepared by dissolving the compound in a suitable solvent and applying it to a granular carrier which has been pre formed to the appropriate particle size, in the range of from Dusts containing the compounds are prepared simply by intimately mixing the compound in powdered form with a Suitable dusty agricultural carrier, Such as kaolin clay, ground Volcanic rock, and the like. Dusts can Suitably contain from about 1% to about 10% of the compound.
It is equally practical, when desirable for any reason, to apply the compound in the form of a solution in an appropri ate organic solvent, usually a bland petroleum oil, such as the spray oils, which are widely used in agricultural chemistry.
Insecticides and acaricides are generally applied in the form of a dispersion of the active ingredientina liquid carrier. It is conventional to refer to application rates in terms of the concentration of active ingredient in the carrier. The most widely used carrier is water.
The compounds of the invention can also be applied in the form of an aerosol composition. In Such compositions the active compound is dissolved or dispersed in an inert carrier, which is a pressure-generating propellant mixture. The aero Sol composition is packaged in a container from which the mixture is dispensed through an atomizing valve. Propellant mixtures comprise either low-boiling halocarbons, which may be mixed with organic solvents, or aqueous Suspensions pressurized with inert gases or gaseous hydrocarbons.
The actual amount of compound to be applied to loci of insects and mites is not critical and can readily be determined by those skilled in the art in view of the examples above. In general, concentrations from 10 ppm to 5000 ppm by eight of compound are expected to provide good control. With many of the compounds, concentrations from 100 to 1500 ppm will suffice.
The locus to which a compound is applied can be any locus inhabited by an insect or mite, for example, vegetable crops, fruit and nut trees, grape vines, ornamental plants, domesti cated animals, the interior or exterior Surfaces of buildings, and the soil around buildings.
Because of the unique ability of insect eggs to resist toxi cant action, repeated applications may be desirable to control newly emerged larvae, as is true of other known insecticides and acaricides.
Systemic movement of compounds of the invention in plants may be utilized to control pests on one portion of the plant by applying the compounds to a different portion of it. For example, control of foliar-feeding insects can be con trolled by drip irrigation or furrow application, or by treating the seed before planting. Seed treatment can be applied to all types of seeds, including those from which plants genetically transformed to express specialized traits will germinate. Rep resentative examples include those expressing proteins toxic to invertebrate pests, such as Bacillus thuringiensis or other insecticidal proteins, those expressing herbicide resistance, such as "Roundup Ready(R' seed, or those with "stacked' foreign genes expressing insecticidal proteins, herbicide resistance, nutrition-enhancement and/or any other beneficial traits.
An insecticidal bait composition consisting of compounds of the present invention and attractants and/or feeding stimu lants may be used to increase efficacy of the insecticides against insect pestina device Such as trap, bait station, and the like. The bait composition is usually a solid, semi-solid (in cluding gel) or liquid bait matrix including the stimulants and one or more non-microencapsulated or microencapsuiaied insecticides in an amount effective to act as kill agents.
45
The compounds of the present invention (Formula I) are often applied in conjunction with one or more other insecti cides or fungicides or herbicides to obtain control of a wider variety of pests diseases and weeds. When used in conjunc tion with other insecticides or fungicides or herbicides, the presently claimed compounds can be formulated with the other insecticides or fungicides or herbicide, tank mixed with the other insecticides or fungicides or herbicides, or applied sequentially with the other insecticides or fungicides or her bicides.
Some of the insecticides that can be employed beneficially in combination with the compounds of the present invention probenazole, prochloraz, procymidone, propamocarb, pro pamocarb hydrochloride, propiconazole, propineb, pro quinazid, prothioconazole, pyraclostrobin, pyrazophos, pyributicarb, pyrifenox, pyrimethanil, pyroquilon, quinoc lamine, quinoxyfen, quintoZene, Reynoutria Sachalinensis extract, silthiofam, Simeconazole, Sodium bicarbonate, Sodium pentachlorophenoxide, spiroxamine, sulfur, tar oils, tebuconazole, tecna Zene, tetraconazole, thiabendazole, thifluZamide, thiram, tiadinil, tolylfluanid, triadimefon, triadimenol, triaZoxide, tricyclazole, tridemo rph, trifloxystrobin, triflumizole, triforine, triticonazole, val idamycin, VincloZolin, Zineb, Ziram, Zoxamide, Candida Oleophila, Fusarium oxysporum, Gliocladium spp., Phlebi opsis gigantean, Streptomyces griseoviridis, Trichoderma spp., (RS) N-(3,5-dichlorophenyl)-2-(methoxymethyl)-Succinimide, 1,2-dichloropropane, 1,3-dichloro-1,1,3,3-tet rafluoroacetone hydrate, 1-chloro-2,4-dinitronaphthalene, 1-chloro-2-nitropropane, 2-(2-heptadecyl-2-imidazolin-1yl)ethanol, 2,3-dihydro-5-phenyl-1,4-dithi-line 1,1,4,4-tet raoxide, 2-methoxyethylmercury acetate, 2-methoxyethylm ercury chloride, 2-methoxyethylmercury silicate, 3-(4chlorophenyl)-5-methylrhodanine, 4-(2-nitroprop-1-enyl) phenyl thiocyanateme: ampropylfos, anilazine, azithiram, barium polysulfide, Bayer 32394, benodanil, benquinox, bentaluron, benzamacril; benzamacril-isobutyl, benzamorf, binapacryl, bis(methylmercury) phos diphen, prothiocarb; prothiocarb hydrochloride, pyracar bolid, pyridinitril, pyroxychlor, pyroxyfur, quinacetol; quinacetol Sulfate, quinaZamid, quinconazole, rabenzazole, salicylanilide, Sultropen, tecoram, thiadifluor, thi cyofen, thiochlorfenphim, thiophanate, thioquinox, tioxymid, triamiphos, triarimol, triaZbutil, trichlamide, urba cid, and Zarilamid, and any combinations thereof. Some of the herbicides that can be employed in conjunc tion with the compounds of the present invention include: amide herbicides such as allidochlor, beflubutamid, benza dox, benzipram, bromobutide, cafenstrole, CDEA, chlorthia mid, cyprazole, dimethenamid, dimethenamid-P, diphena mid, epronaz, etnipromid, fentraZamide, flupoxam, fomesafen, halosafen, isocarbamid, isoxaben, napropamide, naptalam, pethoxamid, propyZamide, quinonamid and teb utam; anilide herbicides such as chloranocryl, cisanilide, clomeprop, cypromid, diflufenican, etobenzanid, fenasulam, flufenacet, flufenican, mefenacet, mefluidide, metamifop, monalide, naproanilide, pentanochlor, picolinafen alachlor, butachlor, butenachlor, delachlor, diethatyl, dimeth achlor, metaZachlor, metolachlor, S-metolachlor, preti lachlor, propachlor, propisochlor, prynachlor, terbuchlor fluometuron, fluothiuron, isoproturon, linuron, methiuron, methyldymron, metobenzuron, metobromuron, metoxuron, monolinuron, monuron, neburon, parafluoron, phenobenzuron, Siduron, tetrafluoron and thidiaZuron; pyri midinylsulfonylurea herbicides such as amidosulfuron, azim Sulfuron, benSulfuron, chlorimuron, cyclosulfamuron, ethox ysulfuron, flazasulfuron, flucetosulfuron, flupyrsulfuron, foramsulfuron, halosulfuron, imaZoSulfuron, mesosulfuron, nicosulfuron, orthosulfamuron, oxasulfuron, primisulfuron, pyrazosulfuron, rimsulfuron, Sulfometuron, Sulfosulfuron and trifloxysulfuron; triazinylsulfonylurea Before an insecticide can be used or sold commercially, Such compound undergoes lengthy evaluation processes by various governmental authorities (local, regional, state, national, international). Voluminous data requirements are specified by regulatory authorities and must be addressed through data generation and Submission by the product reg istrant or by another on the product registrants behalf. These governmental authorities then review Such data and if a deter mination of safety is concluded, provide the potential user and/or seller with product registration approval. Thereafter, in that locality where the product registration is granted and Supported, such user and/or seller may use and/or sell Such compound. 
37.
A method according to one of claims 13-18 wherein said locus has, or will have, one or more of the following therein, vegetable crops, fruit trees, nut trees, grape vines, ornamental plants, seeds, or grain.
38. A method according to one of claims 13-18 wherein said locus has, or will have, one or both of the following therein, rice or cotton.
39.
A method according to one of claims 13-18 wherein said insects are one or more of the following, Lepidoptera, Coleoptera, Homoptera, Hemiptera, Thysanoptera, Isoptera, Diptera, Hymenoptera, Mallophaga, Anoplura, Orthoptera, Blattoidea, or Siphonaptera. 40. A method according to one of claims 13-18 wherein said insects are one or more of the following, cotton aphid, green peach aphid, brown planthopper, green planthopper, sweet potato white fly, or Eastern subterranean termite. 41. A method according to one of claims 19-24 wherein said locus has, or will have, one or more of the following therein, vegetable crops, fruit trees, nut trees, grape vines, ornamental plants, seeds, or grain. 42. A method according to one of claims 19-24 wherein 5 said locus has, or will have, one or both of the following therein, rice or cotton.
43.
A method according to one of claims 19-24 wherein said insects, or other pests, are one or more of the following, Lepidoptera, Coleoptera, Homoptera, Hemiptera, Thysan 68 optera, Isoptera, Diptera, Hymenoptera, Mallophaga, Ano plura, Orthoptera, Blattoidea, Siphonaptera, Acari, or Nema toda.
44.
A method according to one of claims 19-24 wherein said insects are one or more of the following, cotton aphid, green peach aphid, brown planthopper, green planthopper, sweet potato white fly, Eastern subterranean termite, cat flea, or brown dog tick.
